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I N T R O D U C T I O N  T O  T H E  I S S U E  O F  H Y P O X I A  I N  T H E  G U L F  O F  M E X I C O  
T h o m a s  M .  I s e n h a r t  
R e s e a r c h  A s s o c i a t e  
D e p a r t m e n t  o f  F o r e s t r y  
I o w a  S t a t e  U n i v e r s i t y  
I n  r e c e n t  y e a r s  t h e r e  h a s  b e e n  a  g r o w i n g  c o n c e r n  a b o u t  a  l a r g e  a r e a  o f  o x y g e n - d e p l e t e d  w a t e r s  
t h a t  d e v e l o p s  s e a s o n a l l y  i n  t h e  G u l f  o f  M e x i c o  n e a r  t h e  m o u t h  o f  t h e  M i s s i s s i p p i  R i v e r .  T h e  s i z e  
o f  t h e  o x y g e n - d e p l e t e d  a r e a  v a r i e s  f r o m  y e a r - t o - y e a r  a n d  h a s  e x t e n d e d  f r o m  t h e  m o u t h  o f  t h e  
M i s s i s s i p p i  R i v e r  w e s t  t o  n e a r  t h e  T e x a s  b o r d e r .  O x y g e n  d e p l e t i o n  i n  t h e  n e a r s h o r e  G u l f  c a n  
e x c e e d  6 , 0 0 0  s q u a r e  m i l e s  i n  s i z e  a n d  m a y  f o r m  a s  e a r l y  a s  F e b r u a r y  a n d  l a s t  a s  l a t e  a s  O c t o b e r  
w i t h  t h e  m o s t  w i d e s p r e a d  a n d  p e r s i s t e n t  c o n d i t i o n s  o c c u r r i n g  f r o m  M i d - M a y  t o  M i d - S e p t e m b e r .  
T h e  a r e a  o f  o x y g e n  d e p l e t i o n  i s  c a l l e d  " h y p o x i a "  o r  " h y p o x i c  w a t e r s "  w h i c h  r e f e r s  t o  w a t e r s  w i t h  
d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s  o f  l e s s  t h a n  2  p a r t s  p e r  m i l l i o n  ( m g  L '
1
) .  T w o  p a r t s  p e r  m i l l i o n  
d i s s o l v e d  o x y g e n  i s  g e n e r a l l y  a c c e p t e d  a s  t h e  l i m i t  f o r  m o s t  a q u a t i c  l i f e  s u r v i v a l  a n d  
r e p r o d u c t i o n .  S u c h  o x y g e n - d e p l e t e d  b o t t o m  w a t e r s  i n  s h a l l o w  c o a s t a l  a n d  e s t u a r i n e  a r e a s  w a t e r s  
a r e  f o u n d  w o r l d w i d e  a n d  t h e i r  o c c u r r e n c e  a p p e a r s  t o  b e  i n c r e a s i n g ,  a p p a r e n t l y  a c c e l e r a t e d  b y  
h u m a n  a c t i v i t y  ( D i a z  a n d  R o s e n b e r g  1 9 9 6 ) .  I n  r e c e n t  y e a r s ,  h o w e v e r ,  t h e  h y p o x i c  r e g i o n  i n  t h e  
n o r t h e r n  G u l f  o f  M e x i c o  r e p r e s e n t s  o n e  t h e  l a r g e s t  z o n e s  o f  o x y g e n - d e f i c i e n t  b o t t o m  w a t e r s  i n  
t h e  w e s t e r n  A t l a n t i c  O c e a n .  T h e  a r e a l  e x t e n t  o f  t h e  h y p o x i c  z o n e  i s  g r e a t e r  t h a n  t h a t  o f  
C h e s a p e a k e  B a y  a n d ,  i n  r e c e n t  y e a r s ,  h a s  r i v a l e d  h y p o x i c  r e g i o n s  o f  t h e  B a l t i c  a n d  B l a c k  S e a s  
( R a b a l a i s  1 9 9 6 ) .  
C o a s t a l  e u t r o p h i c a t i o n  c o m m o n l y  r e s u l t s  f r o m  n u t r i e n t  i n p u t s  f r o m  d i f f u s e  s o u r c e s ,  t h u s  e f f e c t s  
a r e  n o t  e a s i l y  s e e n  a s  c o n n e c t e d  t o  c a u s e s  ( B o e s c h  1 9 9 6 ) .  H o w e v e r ,  p r e s e n t l y  a v a i l a b l e  r e s e a r c h  
h a s  s h o w n  a  r e l a t i o n s h i p  b e t w e e n  M i s s i s s i p p i  R i v e r  f l o w ,  r i v e r b o r n e  n u t r i e n t s ,  p l a n k t o n  ( a l g a l )  
p r o d u c t i v i t y ,  a n d  b o t t o m  w a t e r  h y p o x i a  i n  t h e  G u l f  o f  M e x i c o .  T h i s  p a p e r  p r o v i d e s  a  b r i e f  
i n t r o d u c t i o n  t o  t h e  i s s u e  o f  h y p o x i a  i n  t h e  G u l f  o f  M e x i c o .  T h i s  i n f o r m a t i o n  i s  i n t e n d e d  t o  b e  
u s e d  a s  a  s t a r t i n g  p o i n t  f o r  d i s c u s s i o n  o f  t h e  r o l e  o f  a g r i c u l t u r e  i n  t h e  U p p e r  M i s s i s s i p p i  
w a t e r s h e d  a s  a  s o u r c e  o f  n u t r i e n t s  a n d  o f  t h e  p r o p e r  r e s p o n s e  f r o m  t h e  a g r i c u l t u r e  a n d  r e s e a r c h  
c o m m u n i t y  i n  w h a t  w i l l  l i k e l y  b e  a  c o n c e r t e d  n a t i o n a l  e f f o r t  t o  a d d r e s s  t h e  h y p o x i a  p r o b l e m .  
D e v e l o p m e n t  o f  H y p o x i a  
F r e s h w a t e r  d i s c h a r g e  f r o m  t h e  M i s s i s s i p p i  a n d  A t c h a f a l a y a  r i v e r s  f o r m s  t h e  L o u i s i a n a  C o a s t a l  
C u r r e n t  w h i c h  f l o w s ,  o n  a v e r a g e ,  w e s t w a r d  a l o n g  t h e  L o u i s i a n a  c o a s t  a n d  t h e n  s o u t h w a r d  a l o n g  
t h e  T e x a s  c o a s t  ( W i s e m a n  e t  a l .  1 9 9 6 ) .  T h i s  f r e s h w a t e r  i s  o f  m u c h  l o w e r  s a l i n i t y  a n d  i s  l e s s  
d e n s e  t h a n  t h e  h e a v y ,  s a l t i e r  c o a s t a l  s h e l f  w a t e r s  i n t o  w h i c h  i t  f l o w s .  T h i s  d e n s i t y  d i f f e r e n c e  s e t s  
u p  a  s t r a t i f i c a t i o n  i n  t h e  w a t e r  c o l u m n ,  w i t h  t h e  f r e s h w a t e r  " r i d i n g "  o n  t o p  o f  t h e  s a l t  w a t e r .  T h i s  
s t r a t i f i c a t i o n  r e s t r i c t s  t h e  v e r t i c a l  m i x i n g  o f  t h e  w a t e r  c o l u m n .  
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Primary production (algal and plant growth) in estuaries and nearshore coastal waters is generally 
limited by the availability of nitrogen. As a result, any increase in the inputs of dissolved 
inorganic nitrogen will likely increase primary production in coastal waters. Nutrient 
concentrations and loadings from the Mississippi River watershed have changed dramatically 
this century and have accelerated since the 1950's (Goolsby and Battaglin 1996). Concentrations 
of dissolved nitrogen and phosphorus have doubled, and silica have decreased by 50%. The 
result has been a large increase in the growth of phytoplankton (free floating algae) (Rabalais 
1996). These changes have also resulted in a shift of the dominant phytoplankton, from diatoms 
which have a high demand for silica, to other diatom and non-diatom species. As the resulting 
massive phytoplankton blooms decompose, the cells sink to the bottom and utilize. 
The hypoxia in the Gulf of Mexico is believed due to both the effects of stratification of the fresh 
and marine waters that restricts vertical reoxygenation of bottom waters and the oxygen-
consuming breakdown of organic material mostly derived from river stimulated phytoplankton. 
History and Distribution of Hypoxia in the Gulf of Mexico 
Systematic surveys of the distribution of dissolved oxygen within the Gulf only began in 1985. 
Extensive distribution of hypoxia was found each summer since then, with the exception of 1988 
(a record low flow year for mid-summer) (Rabalais 1996). Prior to 1985, the occurrence of 
hypoxia in the Gulf has only been assessed using information that was collected as a portion of 
other studies. Thus these surveys do not form a complete survey. For example, hypoxia in the 
Gulf was recorded in the early 1970's as part of environmental assessments of oil production and 
transportation development studies. Prior to the 1970's there is some anecdotal information from 
shrimp trawlers in the 1950s- 1960s of low or no catches, of"dead" or "red" water, but no 
systematic analysis of these records (Rabalais 1996). 
Scientists studying the distribution of bottom-dwelling invertebrates have found evidence of an 
increase in oxygen deficiency stress since early this century, with a dramatic increase since the 
1940s-1950s (Rabalais et al, 1996, Sen Gupta et al. 1996). These researchers collected and dated 
cores of the bottom sediment and looked at the trends of the dominant invertebrates by depth. 
Their evidence points to a progressive overall rise in oxygen stress based on a decrease in species 
not tolerant of oxygen stress, and an increase in species tolerant of low oxygen stress in the more 
recent sediments. 
Areal Distribution and Seasonal Pattern 
Prior to 1993, the average areal extent of bottom water hypoxia in mid-summer was 3,000 to 
3,500 mF (Rabalais et al. 1994). Distribution maps of mid-summer bottom water hypoxia since 
1985 often show patchy areas of low oxygen downfield of each of the river deltas. Other 
distributions are continuous from the Mississippi River delta to the upper Texas coast. In those 
areas not below 2 mg L·1, the dissolved oxygen concentration is still usually below 4 mg L·1 and 
mostly below 3 mg L"1 (Rabalais 1996). In 1993, in response to the "Great Summer Flood", the 
size of the hypoxic zone in the Gulf of Mexico doubled with respect to the 1985-1992 mid-
summer averages and has remained large in subsequent years. The areal extent of this zone 
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d u r i n g  m i d - s u m m e r  s u r v e y s  o f  1 9 9 3 - 1 9 9 5  ( a p p r o x .  6 , 0 0 0  m F  t o  7 , 0 0 0  m F )  r i v a l s  t h e  l a r g e s t  
h y p o x i c  a r e a s  e l s e w h e r e  i n  t h e  w o r l d ' s  c o a s t a l  w a t e r s .  
C r i t i c a l l y  l o w  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s  o c c u r  i n  t h e  l o w e r  w a t e r  c o l u m n  f r o m  a s  e a r l y  a s  
l a t e  F e b r u a r y  t h r o u g h  e a r l y  O c t o b e r  a n d  n e a r l y  c o n t i n u o u s l y  f r o m  m i d  M a y  t h r o u g h  m i d -
S e p t e m b e r  ( R a b a l a i s  1 9 9 6 ) .  T h e  s t r a t i f i c a t i o n  o f  t h e  w a t e r  c o l u m n  i s  v e r y  i m p o r t a n t  i n  d e f i n i n g  
t h i s  d i s t r i b u t i o n  ( W i s e m a n  e t  a l .  1 9 9 6 ) .  H y p o x i a  i s  m o s t  w i d e s p r e a d ,  p e r s i s t e n t ,  a n d  s e v e r e  i n  
J u n e  - A u g u s t .  T h e  b r e a k d o w n  o f  t h e  s t r a t i f i c a t i o n  b y  w i n d s  f r o m  e i t h e r  t r o p i c a l  s t o r m  a c t i v i t y  
o r  p a s s a g e  o f  c o l d  f r o n t s  d e t e r m i n e s  t h e  p e r s i s t e n c e  o f  h y p o x i a  i n t o  S e p t e m b e r  a n d  O c t o b e r .  
H y p o x i a  i s  n o t  j u s t  a  b o t t o m - h u g g i n g  l e n s  o f  w a t e r  b u t  m a y  e n c o m p a s s  f r o m  1 0 %  t o  8 0 %  o f  t h e  
t o t a l  w a t e r  c o l u m n ,  d e p e n d i n g  o n  t h e  d e p t h  o f  t h e  w a t e r  ( R a b a l a i s  1 9 9 6 ) .  
E f f e c t s  o n  L i v i n g  R e s o u r c e s  
T h e  p r e s e n c e  o f  h y p o x i c  w a t e r s  i n  a n  a r e a  c a n  b e  e x p e c t e d  t o  h a v e  a  v a r i e t y  o f  i m p a c t s  t o  t h e  
a q u a t i c  c o m m u n i t y  ( H a n i f e n  e t  a l .  1 9 9 6 ) .  F r e e - s w i m m i n g  c o m m u n i t i e s  w i l l  m o v e  a w a y  f r o m  
a r e a s  w i t h  i n s u f f i c i e n t  d i s s o l v e d  o x y g e n  a n d  c o n g r e g a t e  a l o n g  t h e  b o r d e r s  o f  t h e  h y p o x i c  a r e a  
u n t i l  c o n d i t i o n s  a r e  c o n d u c i v e  t o  t h e i r  r e t u r n .  M o b i l e  o r g a n i s m s  t h a t  l i v e  o n  t o p  o f  t h e  s e d i m e n t s  
s i m i l a r l y  w i l l  l e a v e  t h e  a r e a  i f  p o s s i b l e .  P l a n k t o n i c  c o m m u n i t i e s  t h a t  a r e  u n a b l e  t o  s w i m  a w a y  
f r o m  a  h y p o x i c  w a t e r  m a s s ,  o r  c o m m u n i t i e s  a s s o c i a t e d  w i t h  s p e c i f i c  w a t e r  b o t t o m s ,  w o u l d  b e  
s u b j e c t  t o  s t r e s s  a n d / o r  m o r t a l i t y  d e p e n d i n g  o n  t h e i r  l e n g t h  o f  e x p o s u r e  t o  h y p o x i a .  P e r s i s t e n t l y  
o x y g e n  s t r e s s e d  b o t t o m  c o m m u n i t i e s  a r e  c h a r a c t e r i z e d  a s  h a v i n g  o n l y  a  f e w  t o l e r a n t  s p e c i e s  w i t h  
l o w  b i o m a s s  a n d  a  l i m i t e d  a b i l i t y  t o  r e c o v e r  f o l l o w i n g  a b a t e m e n t  o f  o x y g e n  s t r e s s  ( R a b a l a i s  
1 9 9 6 ) .  
W h i l e  p r e l i m i n a r y  i n d i c a t i o n s  a r e  t h a t  f i s h e r i e s  c o m m u n i t i e s  a s s o c i a t e d  w i t h  t h e  w a t e r  c o l u m n  
h a v e  n o t  y e t  b e e n  e f f e c t e d ,  t h e  S t a t e  o f  L o u i s i a n a  i s  c o n c e r n e d  a b o u t  t h e  l o n g  t e r m  i m p l i c a t i o n s  
o f  h y p o x i a  o n  t h e i r  o n e - h a l f  b i l l i o n  d o l l a r  a  y e a r  f i s h e r i e s  r e s o u r c e  ( H a n i f e n  e t  a l .  1 9 9 6 ) .  
P o t e n t i a l  i m p a c t s  i n c l u d e  a  r e d i s t r i b u t i o n  o f  h i g h l y  m o b i l e  s p e c i e s ;  a  c o n c e n t r a t i n g  o f  f i s h i n g  
e f f o r t  r e s u l t i n g  i n  i n c r e a s e d  h a r v e s t ;  l o w  c a t c h  r a t e s  i n  d i r e c t e d  f i s h e r i e s ;  l o c a l i z e d  o v e r f i s h i n g ;  
d i r e c t  m o r t a l i t y ;  a n d  d e c r e a s e d  r e p r o d u c t i o n  d u e  t o  i m p a c t s  o n  t h e  f o o d  b a s e .  S u c h  c h a n g e s  i n  
t h e  d i s t r i b u t i o n  a n d  a b u n d a n c e  o f  f i s h  s p e c i e s  c o u l d  r e s u l t  i n  a  l o s s  o f  c o m m e r c i a l  a n d  
r e c r e a t i o n a l  h a r v e s t  o p p o r t u n i t i e s  a n d  a  n e t  e c o n o m i c  l o s s  t o  t h e  r e g i o n .  
T h e  R o l e  o f  U p p e r  M i s s i s s i p p i  R i v e r  W a t e n h e d  I n p u t s  
M o n i t o r i n g  b y  t h e  U n i t e d  S t a t e s  G e o l o g i c a l  S u r v e y  h a s  i d e n t i f i e d  t h a t  t h e  p r i n c i p a l  a r e a s  
c o n t r i b u t i n g  n u t r i e n t s  t o  t h e  M i s s i s s i p p i  R i v e r  a n d  u l t i m a t e l y  t h e  G u l f  o f  M e x i c o  a r e  s t r e a m s  
d r a i n i n g  t h e  c o m  b e l t  s t a t e s ,  p a r t i c u l a r l y  I o w a ,  I l l i n o i s ,  I n d i a n a ,  O h i o ,  a n d  s o u t h e r n  M i n n e s o t a  
( G o o l s b y  a n d  B a t t a g l i n  1 9 9 6 ) .  T h e y  e s t i m a t e  t h a t  a b o u t  6 0 %  o f  t h e  n i t r a t e  t r a n s p o r t e d  b y  t h e  
M i s s i s s i p p i  R i v e r  i s  d e r i v e d  f r o m  l e s s  t h a n  2 0 %  o f  t h e  b a s i n .  C u r r e n t  s o u r c e s  o f  n i t r o g e n  
i d e n t i f i e d  f o r  t h e  M i s s i s s i p p i  R i v e r  b a s i n ,  i n  d e c r e a s i n g  o r d e r  o f  t h e i r  i n p u t  i n c l u d e  c o m m e r c i a l  
f e r t i l i z e r s ,  a n i m a l  m a n u r e s ,  l e g u m e s ,  m u n i c i p a l  a n d  d o m e s t i c  w a s t e s ,  a n d  a t m o s p h e r i c  
d e p o s i t i o n .  N i t r o g e n  f e r t i l i z e r  i s  e s t i m a t e d  t o  a c c o u n t  f o r  m o r e  t h a n  o n e - h a l f  o f  t h e  a n n u a l  
n i t r o g e n  i n p u t .  
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